It is now well established that although acetylsalicylate does not interfere with the commonly used nitration method for measuring paracetamol, salicylate does interfere. Several methods have been used to remove this interference, by solvent extraction, or to make allowance for the interference, for example, by arithmetical correction. We describe a new approach to the problem by modifying the reaction conditions in an attempt to find the optimum conditions for the nitration of paracetamol while at the same time minimising salicylate interference. A method is proposed in which the concentration of nitrite is reduced and a time delay is introduced after the addition of sulphamic acid. This method is shown to be accurate, precise, and linear and exhibits minimal interference from salicylate.
Add 10 ml distilled water to a nitrite tube and mix well. This will be sufficient for 10 analyses (~75 mg per assay). 2 Add 1 ml plasma to a TCA tube. Mix well and centrifuge at 1600 g for 8 minutes. Treat the 100 and 400 !lg/ml paracetamol standards and water for the blank similarly. 3 Transfer 3 ml of the supernatants to 150 x 23 mm glass tubes with ground glass stoppers. Add 1 ml of the nitrite solution and start the stopwatch. Swirl very gently. Do not mix vigorously. 4 Exactly 5 minutes after adding the nitrite add I ml of the sulphamic acid solution slowly (over about 5 seconds) followed by a further 1 ml when the effervescence has died down. Do not mix the tubes but transfer them to the water bath. 5 Exactly 10 minutes after adding the nitrite add 5 ml of 1M sodium hydroxide solution. Stopper the tubes and mix briefly on a vortex mixer. Read the absorbances at 430 nm within 5 minutes of adding the hydroxide.
Method

Results
Certain aspects of the reaction were studied in an attempt to optimise the reaction conditions. The nitration reaction was temperature dependent. This 120 1 TCA tubes. Plastic 10 ml tubes (Searle ZIO) each containing 4 
Material
It is now well established that Glynn and Kendal's! nitration method for paracetamol estimation, though simple and quick, suffers from interference by salicylate. Several methods of overcoming this problem have been devised, including an arithmetical correction for known amounts of salicylate" and removal of salicylate by extraction into chloroform. P We describe a new approach to the problem by modifying the reaction conditions in an attempt to find the optimum conditions for the nitration of paracetamol while at the same time minimising salicylate interference. The resulting method was checked for accuracy, precision, and linearity and is presented as a quick, reliable method for the estimation of paracetamol with no significant interference from salicylate. 95 %of the steady-state absorbance was reached. In this case it was about 5 minutes. The absorbance change seen with the salicylate standard, on the other hand, showed a slow increase in absorbance with time from 0·014 at half a minute to 0·027 at 10 minutes.
Paracetamolestimation: a new approach to reducing salicylate interference causes no problems for single estimations as standards are always included and batches are small but for the optimisation experiments, which werq uite lengthy, the whole procedure was carried out in a water bath set at approximately 20°C.
CONCENTRATION OF NITRITE
The effect on the final absorbance obtained of increasing the amount of nitrite in the reaction mixture is shown in Figure I .
The length of time required for the nitration reaction with paracetamol was studied by stopping the reaction with sulphamic acid after a certain incubation time with the nitrite. The absorbance obtained for the lO-minute incubation was taken as the plateau. Figure 2 shows these results plotted. From this graph the incubation time was read when The introduction of a time delay between the addition of the sulphamic acid and the hydroxide reduced the interference from salicylate at the 100 mg!l00 mlleveI. This may be seen in Figure 3 . There was no significant change in the production of colour with a 400 fLg/ml paracetamol standard.
RECOVERY
Experiments to determine the recovery of added paracetamol and the within-batch precision were carried out using paracetamol, salicylate, and paracetamol + salicylate standards made up in paracetamol-free transfusion plasma. Each standard was analysed 10 times, and the blank value for the transfusion plasma was subtracted. The results of this experiment are shown in Table 1 . The 400 fLg/ml paracetamol standard was also analysed 10 times on three further occasions with coefficients of variation of 1·32, 1·34, and 2 ·15. 
.... Table 3 Effect of vigorous mixing on the within-batch precision
The effect of vigorous mixing compared with gentle swirling after the addition of nitrite on the withinbatch precision was studied. Table 3 shows the results on a 400 fJog/ml paracetamol standard analysed 12 times.
Glynn and Kendal-used TCA to precipitate proteins and then simply decanted the supernatant. Wiener 4 modified their method by removing a fixed volume of supernatant after protein precipitation. Our method incorporates the following changes:
1 The volumes of TCA and supernatant have been altered to facilitate the removal of the required amount of supernatant without disturbing the precipitate. Little overall change in sample dilution has occurred, as Wiener's? 2 ml supernatant contains the equivalent of O·66 (10/15) ml of plasma, which is not very different from the equivalent of 0·60 (9/15) ml of plasma contained in the supernatant of our method. The final volume is 12 ml in the Wiener modification compared with 11 ml in our method. 2 No hydrochloric acid is added in this method' instead the nitrous acid is generated in situ by the addition of freshly prepared nitrite solution to the TCA supernatant. This is in keeping with the principle of Chafetz et al. 5 who concluded that the reaction conditions should be mild (although they still added hydrochloric acid). Our method eliminates one pipetting stage at this point. 3 The concentration of hydroxide has been reduced.
Since no hydrochloric acid is present, a smaller amount of hydroxide is adequate to make the final solution alkaline (pH about 12).
Having decided on the above modifications, it was necessary to determine the optimal reaction conditions. The first to be selected was the amount of sodium nitrite used in the reaction. Figure 1 shows how increasing the amount of nitrite increases the final absorbance of both paracetamol and salicylate standards. However, if the ratio of the absorbances is plotted, one can see that above 100 mg of sodium nitrite per assay there is a significant interference from salicylates. The amount of nitrite used was therefore reduced to about 75 mg per assay. In fJogjml were analysed in triplicate. Figure 4 shows this standard curve in which the line of best fit was calculated by the method of least squares. The method of Burnett" was used to test for linearity by means of a polynomial regression. A Student's t test on the second coefficient was 0·6 for 14 degrees of freedom, indicating that the standard graph was linear (p>O·l).
practice, the stock nitrite solution was prepared by adding 10 ml of distilled water to 750 mg of sodium nitrite, and so 1 ml of this solution contained only about 73 mg. Thus, in the reaction volume of 4 ml, the nitrite concentration was 18·25 g/1. In comparison, Wiener? used 2 ml of 10% sodium nitrite solution for the reaction, giving a reaction concentration of 40 g/1. The considerable reduction in the amount of nitrite used in our method was found to be the biggest single factor in reducing the interference from salicylate. Archer and Richardson," who stated that their method was the same as Wiener's" apart from a chloroform extraction, used a sodium nitrite concentration of 16·6 g/I in the reaction. No reason for this reduction was offered but it may be that this was a contributing factor to their success in reducing interference from salicylate. The next aspect to be studied was the time course of the nitration reaction. Chafetz et al. s reacted paracetamol with nitrous acid for 15 minutes. Glynn and Kendal;' who based their method on that of Chafetz et al.,s reduced the reaction time to 2 minutes, and Archer and Richardson'' used a reaction time of 5 minutes. Because of all these differences, and since other changes had been made in this method, the course of the reaction was carefully monitored (Fig. 2) . The time taken for. the reaction to go to 95% completion was about 5 minutes, and this was selected as the reaction time for the nitration. After this length oftime the reaction has almost gone to completion and the rate of change of absorbance with time is low. With careful timing and the use of standards the effect of variations in the incubation time can be minimised.
It was noticed that heat was generated when the sulphamic acid was added but it was not known what effect, if any, this might have on the reaction. To study this, reaction tubes were cooled in a water bath at room temperature for varying lengths of time after the addition of the sulphamic acid ( Fig. 3 ). There was no significant effect on the colour development for paracetamol, but the interference from salicylate was reduced with increasing time. Five minutes was chosen for the time delay in the water bath after adding the sulphamic acid and before adding the sodium hydroxide because it was a good compromise between minimising the interference from salicylate and not making the method too protracted. Similarly, it was found, during preliminary experiments on 15 samples from hospital inpatients not known to be taking paracetamol, that the blank colour was reduced by the equivalent of about 6 to 7 flg/ml of paracetamol to an average level of 12 flg/ml. This effect was also seen when excess sulphamic acid was added, so that in the final method the amount of sulphamic acid has not been reduced to parallel the change in nitrite concentration.
The precision obtained has been found to be dependent on following carefully certain details in the method. After the addition of nitrite, it is important that the solution should be swirled gently. If vigorous mixing is used the within-batch precision deteriorates. This may be a result of the excess of nitrogen dioxide produced on vigorous mixing. Table 3shows the results ofan experiment to study this. Vigorous mixing gives a significantly higher final absorbance (Student's t = 9·1, p<O·ool) but the precision is considerably impaired (variance ratio = 7·8, p<O·ool). With gentle mixing the decrease in absorbance of about 8 % was felt to be acceptable in view of the improvement in precision that was obtained.
Similarly, on the addition of sulphamic acid, adequate mixing is obtained by the evolution of nitrogen. Preliminary experiments also suggested that careful addition of the sulphamic acid improved the precision. Table 1 shows the results obtained by this method for transfusion plasma, containing added paracetamol, salicylate, and mixtures of both. For solutions containing paracetamol only, the withinbatch precision is 0·90, 1·44, and 2·14 at levels of 792, 400, and 100 /flg/ml, respectively. There were insufficient data to calculate the between-batch precision although the within-batch precision suggests that it would be quite acceptable. For solutions containing salicylate only, the apparent paracetamol concentration was 5 and 15 flg/ml at levels of 32 and 100 rng/l00 ml, respectively. Therefore, toxic levels of salicylate do not appreciably influence the measurement of paracetamol by this method.
Archer and Richardson'' eliminated salicylate interference altogether but introduced an extraction step into their procedure and also, by reducing the amount of sodium nitrite used, provided the reaction conditions for minimising salicylate interference. Wiener's-method, on the other hand, when checked by Archer and Richardson.P showed that 100 mg/ 100 ml of salicylate would give an apparent paracetamol level of62 flg/ml. The method described here, though not eliminating salicylate interference completely, has reduced it considerably to a level where, for all practical purposes, it may be ignored.
One may also see from Table 1 that the recovery of paracetamol added to the transfusion plasma was 97 %at the 400 flg/ml level. The apparent recovery of the sample containing 102 flg/ml of paracetamol and 28 mg/l00 ml of salicylate was 101 %, but approximately 5 % will have been contributed by the salicylate.
It is recommended that the final absorbance be read as soon as possible, preferably within 5 minutes of adding the hydroxide. Although the colour produced by the paracetamol is stable for up to 1 hour, the colour produced by salicylate increases during this time. If it is necessary to leave the estimation at any time, it would be better to delay the addition of hydroxide.
Summary
The modified method presented here is quick, accurate, precise, and linear up to at least 800 fLgfml of paracetamol. Certain important details of the method should be followed closely to achieve the best precision. The interference from salicylate has been reduced to an insignificant level without recourse to solvent extraction.
